Introduction {#S0001}
============

Gastric cancer remains one of the most common cancers worldwide. As estimated, almost 10 million new cases of gastric cancer occurred in 2018 (5.7% of the total cancer cases), accounting for the fifth most common cancer globally.[@CIT0001] In the past, more than 70% of cases were estimated to occur in developing countries. Among these cases, nearly half were distributed in Eastern Asia in 2012 (mainly in China).[@CIT0002] In China, 76,243 new cases of gastric cancer (incidence: 33.7 per 100,000) were reported, ranking third to lung cancer and breast cancer in 2013.[@CIT0003] Gastric cancer remains a huge challenge to the health of the Chinese population.

Notable regional distribution characteristics of gastric cancer mainly concentrated in the eastern and southwestern regions (52.2%) of China.[@CIT0004] Changle, located on the southeast coast of Fujian Province, China, and with a total population of 700,000, represents a high-incidence-rate area of gastric cancer, with the mortality rate of gastric cancer reaching 120.5 per 100,000. The mortality rate among Changle men was five-folds higher than the national average level (20.9 per 100,000) in the 1970s.[@CIT0005] The population-based cancer registration system in Changle was established in 1988, when gastric cancer still ranked the first in the incidence of cancer in Changle.[@CIT0006]

A definite decreasing trend of gastric cancer was observed recently in developed countries; this phenomenon was also observed in Changle residents in 2013 and 2014.[@CIT0006]--[@CIT0008] Important factors, such as *Helicobacter pylori* (HP) infection, lifestyle, and largely improved dietary habits among Changle residents in the past 20 or 30 years, might reduce the prevalence of gastric cancer in Changle.[@CIT0005],[@CIT0009]--[@CIT0011] Previous studies on the incidence of gastric cancer in Changle had declined in different periods since 1988.[@CIT0012],[@CIT0013] These studies, which used the traditional analysis method, showed limited power in explaining how the incidence rate at different periods was affected by age and birth cohort. Age-period-cohort analysis would help in investigating the independent effects of age, period of diagnosis, and birth cohort on the incidence trend of gastric cancer.[@CIT0014]

Therefore, the present study aimed to describe secular trends in the incidence rate of gastric cancer in Changle and to evaluate the independent effects of age, period of diagnosis, and birth cohort by using age-period-cohort analysis.

Materials And Methods {#S0002}
=====================

Data Sources {#S0002-S2001}
------------

The population-based Changle cancer registries collected information about cancer cases from 1988. Changle cancer registry was a monitoring site in Fujian Province, with the established longest period of cancer data registration. The registration data of the whole population in Changle showed relatively high quality and accuracy, which were cited by incidence and mortality of cancer in some cities and counties of China (I--IV), Chinese cancer registry annual report (2008--2016), and Cancer Incidence in Five Continents (VIII).

Registered gastric cancer cases were coded according to the code of C16 from the tenth Revision of the International Classification of Disease. Information, including name, sex, age, date of birth, year of diagnosis, cancer site, was collected by Changle Cancer Research Institute. Identifiable information, such as patient's name, ID number, telephone number, and detailed address, had been deleted in the database provided by the Changle Cancer Research Institute in this study. We used mid-year population data as the total population in the year to evaluate the incidence rate of gastric cancer. The population data during the corresponding period of diagnosis were obtained from Changle Police Department.

This study was approved by the Institute Medical Ethics Committee of Fujian Cancer Hospital (KT2019-010-01) and conducted according to the Declaration of Helsinki. The requirement for informed consent was waived because of the retrospective nature of this study, but the patient's identifiable information was protected.

Quality Control {#S0002-S2002}
---------------

Cancer registration was conducted according to the quality control requirements of Chinese Guideline for Cancer Registration. The proportion of morphological verification (MV%) reached 66--85%, the percentage of cancer cases identified with death certification only (DCO%) totaled 0--10%, and mortality-to-incidence ratio (M/I) spanned 0.6--0.8. The MV% of incidence rate of gastric cancer was 62.0% (2549/4111), DCO%, 0.9% (37/4111), and M/I, 0.8 (3083/4111) in 2003--2012. All the above findings satisfied the quality requirements of cancer registration in China.

Statistical Analysis {#S0002-S2003}
--------------------

The population data used for evaluating the incidence of gastric cancer in Changle were derived from the database of Changle cancer registry between 2003 and 2012. New gastric cancer cases were allocated to a period according to the year of diagnosis and to a birth cohort according to their year of birth. The age-standardized incidence rates were calculated per 100,000 by the direct method by using Segi 1960 world standard population.[@CIT0015] We estimated the tendency of age-standardized incidence rates by employing the joinpoint regression analysis program with the results expressed as annual percent changes (APC) and 95% confidence intervals (CI).[@CIT0016] The statistical analyses were performed using Joinpoint software ver. 4.6.0.0 (Surveillance Research Program, National Cancer Institute, Bethesda, MD).

Incidence trends were evaluated according to sex by using Poisson regression with logarithmic offset by utilizing maximum likelihood estimation, with the trends described by gender, age, and birth cohort. The expression of the age-period-cohort analysis model (APC model) is *Y* = *α~0~* + *αX~1~* + *βX~2~* + *γX~3~* + *ε*. In this study, *Y* denotes gastric cancer incidence, *X~1~, X~2~*, and *X~3~* refer to the age, period, and birth cohort, respectively. *α~0~* is the intercept, and *ε* is the residual. The effects of *α, β*, and *γ* are parameters to be estimated. Birth cohort = period -- age. The incidence rates of gastric cancer were categorized into 13 age groups (25--29, 30--34, 35--39, ..., and 85 years or older), in which we excluded those under 25 years old because of the small numbers of cases, which accounted for 0.3% of the participants. The study period was 2003--2012, the oldest age group was over 85 years old, and the corresponding birth cohort was 1918--1922. By analogy, the age group was 25--29 years old, and the corresponding birth cohort was the latest, that is, 1983--1987. The Poisson logarithmic linear model was used to solve the APC model. Logarithmic linear transformation was performed on both sides of the above equation. The expression of transformation is as follows: ln\[*E* (*M ~ij~*)\] = ln(*D~ij~*/*P~ij~*) = *μ* + *α~i~* + *β~j~* + *γ~k~*, where *M~ij~* denotes the first age group (*i* = 25--29, ..., 85+) in the *j* period (*j* = 2003, 2004, ... 2012) of expected incidence; *D~ij~* represents the number of people in the *i* age group in the *j* period; *P~ij~* corresponds to the population in the *i* age group in the *j* period; *α~i~* denotes the age effect indicating the risk of population in the *i* age group; *β~j~* refers to the period effect indicating the risk of population in the *j* period; γ*~k~* stands for the cohort effect signifying the *k*th (*k* = *i* + *j*-1, *k* = 1, 2, ..., 14) incidence risk of birth cohort population; *μ* is the intercept.

Given the collinearity among three independent variables (age, period, and birth cohort), this study used the maximum likelihood estimation model and *Epi* in *R* software ver. 3.5.0 ([[http://www.biostat.ku.dk/bxc/Epi]{.ul}](http://www.biostat.ku.dk/bxc/Epi)) created by Carstensen to estimate the main parameters *αi, βj*, and *γ~k~*, thus resolving the collinearity of the APC model.[@CIT0017] In the maximum likelihood estimation model, the model with the highest degree of goodness of fit and lowest deviance value was selected as the best fitting model estimated using the posterior deviance test.[@CIT0018] *P*-values \< 0.05 were considered statistically significant.

Results {#S0003}
=======

A total of 4111 new cases of gastric cancer were diagnosed (3180 men and 931 women) in Changle in 2003--2012. The crude incidence rate of gastric cancer in Changle was 106.9 per 100,000 among men and 33.8 per 100,000 among women. The age-standardized incidence rates of gastric cancer among women reached 82.4 per 100,000 and 23.0 per 100,000 among men.

Incidence Trends {#S0003-S2001}
----------------

A steady downward trend was observed among men, with the incidence ranging from 96.15 per 100,000 in 2003 to 62.6 per 100,000 in 2012 (APC: −5.1%, 95% CI:−6.9 to −3.2%). A similarly declining trend was observed among women with the incidence ranging from 34.5 per 100,000 to 15.7 per 100,000 (APC: −5.7%, 95% CI:−9.3 to −2.0%) in the same period of diagnosis ([Figure 1](#F0001){ref-type="fig"}, [Table 1](#T0001){ref-type="table"}). The declining trend appeared in 35-year-old and 45-year-old groups (by 10-year interval) among men from 2003 to 2012 (35-year-old group: APC −8.4%, 95% CI:−13.3 to --3.2%; 45-year-old group: APC −7.1%, 95% CI:−11.6 to −2.3%). The peak incidence was distributed among people over 65 years ([Figure 2](#F0002){ref-type="fig"}).Table 1Joinpoint Regression Analysis Of Trends In The Incidence Rate Of Gastric CancerGenderASRAPC (95% CI)*p*-Value20032012Men96.262.6−5.1 (−6.9 to −3.2)\<0.05Women34.515.7−5.7 (−9.3 to −2.0)\<0.05[^2] Figure 1Age-standardized incidence rate of gastric cancer in Changle, 2003--2012.Figure 2Age-specific incidence rate of gastric cancer by age groups among men (**A**) and women (**B**) in Changle, 2003--2012.

Age-Period-Cohort Model {#S0003-S2002}
-----------------------

By comparing the age, age-drift, age-period, age-cohort, and age-period-cohort models, the age-period-cohort model was selected as the model with the best fit due to the highest degree of goodness of fit and lowest deviance value for the incidence rate of gastric cancer in both men and women in Changle ([Table 2](#T0002){ref-type="table"}). [Figure 3A](#F0003){ref-type="fig"} and [B](#F0003){ref-type="fig"} showed two composite maps derived directly by R software; they reflected the effects of three variables: age, period, and birth cohort. We observed an increasing incidence rate of gastric cancer along with age in both men and women from the first curve (age effect) and a gradually decreasing incidence rate of gastric cancer in people later born in Changle from the second curve (birth cohort effect). The peak age for the incidence of gastric cancer was over 85 years in both men and women in Changle. The incidence rate of gastric cancer decreased gradually among men born after 1935 and among women born after 1940. Overall, from the third curve (period effect), the incidence rate of gastric cancer in both men and women in Changle showed a decreasing trend from 2003 to 2012.Table 2Goodness Of Fit For The Age-Period-Cohort Models Of Gastric Cancer Incidence In ChangleGenderModelResid.DfResid.DevDfDevianc*p*-ValueMenAge1244520.6Age-drift1232037.912482.7\<0.001Age+cohort1181483.65554.3\<0.001Age+period+cohort1131447.9535.7\<0.001Age+period1181977.5−5−529.6\<0.001Age-drift1232037.9−5−60.4\<0.001WomenAge1242181.9Age-drift1231855.71326.2\<0.001Age+cohort1181500.85354.9\<0.001Age+period+cohort1131320.25180.6\<0.001Age+period1181669.6−5−349.4\<0.001Age-drift1231855.7−5−186.10\<0.001[^3] Figure 3Fitted age-period-cohort model of the incidence rate of gastric cancer in Changle, from 2003 to 2012. (**A**) Age, period, and cohort effects in men; (**B**) Age, period, and cohort effects in women.

Discussion {#S0004}
==========

Our study showed the decreased incidence rates of gastric cancer in both men and women from 2003 to 2012. Our age-period-cohort models revealed that reduction in the incidence rate of gastric cancer was attributed to the decreased period of diagnosis and birth cohort effects. In addition, the incidence rate of gastric cancer gradually decreased in younger birth cohorts of women born after 1935 and men born after 1940.

Age Effect {#S0004-S2001}
----------

This study showed that the incidence rate of gastric cancer increased with age, consistent with the results of previous studies in this area.[@CIT0019],[@CIT0020] Our results also showed that age exhibited a strong association with gastric cancer incidence in Changle. Age was regarded as the main factor in the age-period-cohort model analysis as it reflected consistent extrinsic factors, such as accumulative exposure of extrinsic environment, to a large degree. Age-related factors, such as accumulative exposures to carcinogens over time and accretion of mutations, are necessary factors of unregulated cell proliferation; this condition would lead to the occurrence of specific cancers.[@CIT0021] Our findings showed that the gastric cancer incidence decreased from 2003 to 2012. This result was verified in the joinpoint regression analysis.

Period Of Diagnosis Effect {#S0004-S2002}
--------------------------

The effect of period of diagnosis reflected the accumulation of most extrinsic factors, such as pollution or medical interventions, to a considerable extent because it affected each person at the same time in history. Similarly, we observed decreasing diagnosis effects on the incidence rate of gastric cancer. This finding could be explained by the improvement of medical health condition. After the discovery of the high incidence rate of gastric cancer in Changle in 1987, the Changle government implemented a series of measures, such as those focusing on drinking water and nutrition status, to improve the living environment of residents. In the past, 20% of residents drank surface water, and 80% drank well water.[@CIT0022] After the improvement, 80% of Changle residents moved into new houses, and all residents started to drink tap water. A 16-year retrospective survey in this area showed that different types of drinking water were significantly related to gastric cancer mortality.[@CIT0023] The mortality rate of gastric cancer in drinking river water, well water and tap water group was 86.5 per 100,000, 63.0 per 100,000, 29.8 per 100,000 (*P* \< 0. 05). After the residents switched from drinking river and well water to tap water, the gastric cancer mortality significantly decreased by 59.1% (74.0/100,000 vs. 30.3/100,000, *P*\<0.05) and 56.4% (61.1/100,000 vs.26.1/100,000, *P*\<0.05), respectively.[@CIT0023]

HP infection is regarded as the major risk factor of gastric cancer because it promotes precancerous lesions, such as atrophic gastritis and atypical hyperplasia.[@CIT0024] In 1994, a study on HP infection and gastric cancer in Changle revealed that the HP infection rate was significantly higher than that in Hong Kong (79.4% \[1744/2196\] vs. 63.5% \[548/863\], *P*\<0.001).[@CIT0025] An epidemiological survey in the coastal areas of Fujian Province in 2012 showed that the infection rate of HP among Changle residents was 49.6% (111/224), which was significantly lower than that in 1994 (49.6% \[111/224\] vs.79.4% \[1744/2196\], *P*\<0.05).[@CIT0009] The decline in HP infection rate was attributed to improved sanitary conditions, nutritional status, and available HP antibiotics, thus reducing the gastric cancer incidence in Changle; this result was consistent with that of previous reports indicating a parallel variety between HP infection and gastric cancer incidence in developed countries.[@CIT0010],[@CIT0026]

Cohort Effect {#S0004-S2003}
-------------

The cohort effect reflected events, such as malnutrition of children or changing habits during the war, that affect generations. The decreased cohort effects on the incidence rate of gastric cancer in Changle residents among people born after 1940 might be attributed to the improvements in their lifestyle and habits.

Changle residents accustomed to eating fish sauce, which was a daily condiment favored previously by coastal residents.[@CIT0005] Fish sauce is a product of long-term fermentation and liquefaction from a variety of small sea fish added with salt; it contains a substantial amount of nitrosamines (secondary amines and amides).[@CIT0027] Several studies showed a correlation between fish sauce consumption and gastric cancer.[@CIT0028]--[@CIT0030] From 1991 to 1992, Ye WM et al considered 14 towns from seven counties with high, medium, and low incidences of gastric cancer (Changle City as a representative of high incidence area) and observed a significantly positive association between fish sauce intake and mortality rate of gastric cancer.[@CIT0028] Chen ZS et al observed a 100% detection rate of nitrosamine in 17 portions of home-made fish sauce sold in Changle and four portions of fish sauce sold in other cities.[@CIT0029] Animal experiments indicated that fish sauce, under the action of nitrosamine ethyl creatine initiation factor, could promote carcinogenesis of mouse anterior gastric mucosal cells.[@CIT0030] In addition, fish sauce is a kind of salt-rich food. The World Cancer Research Fund/American Institute for Cancer Research concluded that "Salt, and also salt-preserved foods, are probable causes of gastric cancer".[@CIT0031] A large cohort study in South Korea showed that people who eat salty foods face a high risk of stomach cancer.[@CIT0032] Salt may increase the risk of gastric cancer by directly damaging the gastric mucosa, leading to gastritis or other stomach damage.[@CIT0033]

Given the limited living conditions before the 1980s, Changle residents mainly fed on sweet potato shreds, which are easily mildewed because of damp climate in southeast coastal areas. An investigation in the 1990s showed that sweet potato silk at that time in Changle could culture aflatoxin, concomitant mycin, and blastomycin. The mycete infection rate in potato shreds reached 52% in the first year and 100% in the second year.[@CIT0034] Frequent consumption of salt and mildewy food is an unhealthy diet behavior. Since the 1980s, the lifestyle of residents in Changle has changed considerably. Most people started consuming grain as a staple food and replaced fish sauce with soy sauce.[@CIT0004],[@CIT0005] At the same time, people increased dietary intake of fresh fruit and vegetables, which are rich in antioxidant compounds, including β-carotene, vitamins C, E, and folate, and substances providing protection against gastric cancer.[@CIT0011],[@CIT0034]

Another important factor contributing to the decreased gastric cancer prevalence was the change in the manner of food preservation. Many residents used refrigerators to preserve food since the 1980s; this situation was closely related to the declined incidence rate of gastric cancer.[@CIT0011],[@CIT0035] Researchers reported that the mortality rate of gastric cancer in Korea decreased thrice from 1979 to 2006; this result was significantly correlated with the increase in refrigerator utilization from 0.49 to 1.86.[@CIT0036] A meta-analysis showed that increased risk of gastric cancer was associated with delayed use of household-refrigerated machinery.[@CIT0037] The potential reason might be the reduced decay and amounts of carcinogens, which could enter the body and increase the risk of gastric cancer, when keeping food in the fridge.

Many countries worldwide, including Japan with a previously high incidence of gastric cancer, showed a decreasing trend of incidence and mortality rate of gastric cancer in recent years.[@CIT0038]--[@CIT0040] Similarly, a decreasing incidence rate of gastric cancer in recent years was also observed in Changle, which was considered a high incidence area of gastric cancer in this study. This phenomenon might be due to the reduced effect of period of diagnosis and birth cohort. This finding was inseparable with the evident improvements in the residents' lifestyle after the 1980s. We supposed that these improvements reduced the prevalence of gastric cancer in Changle, possibly providing a reference for other regions with a medium and high incidence of gastric cancer in the world to a certain extent.

This study features several strengths. First, this work was conducted in Changle, a high incidence area of gastric cancer and where a cancer registry database was established previously with a stable data quality and improved reliability of the analysis. Second, besides the function of traditional analysis methods, the APC model can further separate the independent roles of age, periods of diagnosis, and birth cohort in long-term registration data analysis. Third, the decline in the incidence rate of gastric cancer was dependent on the comprehensive preventive measures conducted in Changle, possibly providing a guiding significance for other regions. This work also suffered from several limitations. First, this study focused on the incidence rate of gastric cancer. Given the lack of uniform classification, we cannot conduct further studies on the histological types of gastric cancer. Second, this work was conducted in Changle county with a relatively limited population. The study results also possess limited power for generalization to other ethnicities and continents.

In conclusion, we identified the reduced effects of age, period of diagnosis, and birth cohort on the incidence rate of gastric cancer and recognized the trend of gastric cancer by sex, period of diagnosis, and birth cohort. The results might be due to a series of prevention and control measures to a large extent. Further health education and behavioral interventions are expected to prevent the occurrence and development of gastric cancer.
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